The corrosion and degradation behavior of new blended amine absorbent specified by Toshiba were studied in the pilot plant under the condition of long-term operation. Three test campaigns of the CO 2 capture were completed. One campaign was the base experiment to evaluate the thermal and oxidative degradation and corrosion character of new absorbent. Other two campaigns were operated to evaluate the influence of SO 2 on the corrosion and degradation behavior of new absorbent.
Introduction
It is well known that greenhouse gases, such as CO 2 CH 4 N 2 O HFC S PFC S and SF 6 , contribute to global warming and climate change. Among these greenhouse gases, anthropogenic carbon dioxide from fossil fuel is the most important one because of its long life and large amount [1] . The power plant, cement plant, steel plant and refinery plant are all concentrate sources of carbon dioxide. The emission of CO 2 from fossil fuelled power plants accounts for above 30 of the total. So the CO 2 capture from fossil fuel power plants was concerned widely. Many technologies may be used to separating CO 2 from flue gas, including amine scrubbing, carbonation-calcination recycle technology (CCR), O 2 /CO 2 recycle combustion technology and chemical-looping combustion technology (CLC), and so on [2] [3] [4] [5] [6] .
In effect, amine-based scrubbing technology has been used to separate carbon dioxide from natural gas in chemical industry for several decades. However, the flue gas from coal-fired power plant is large flow rate high temperature and low CO 2 partial pressure with SO 2 NO x and fly ash, which is quite diffident with that from natural gas. Therefore, the technology must be further studied according to the condition of coal-fired power plants.
Although facing to energy consumption and corrosion problems, amine-based scrubbing technology is still as timely solution for post combustion CO 2 capture compared other advanced technology [7] .
A lab pilot plant has been built and operated based on theory studying for several years in Tsinghua University.
The major work of this paper is to test the corrosion and degradation performance of new absorbent in the pilot plant under the condition of long-term operation.
Experimental system and methods

materials and analysis methods
The N 2 , O 2 , CO 2 and SO 2 with more than 99.9 concentration were used to simulate flue gas. The chemical reagents were industry grade, and the concentration was more than 98 . The blended amine solvent specified by Toshiba was used for this research work.
The CO 2 concentrations of the absorber inlet and outlet were recorded by IR CO 2 analyzer which are ranged from 0 20 and 0 5 , respectively. The SO 2 flow rate was controlled by mass flow controller, and continuously adding to the whole system. A SO 2 IR analyzer (produced by Thermo Company) was used to analyze the SO 2 concentration. Meanwhile, O 2 concentration was detected by paramagnetic oxygen meter. The Dionex ICS-1000 and DX120 ion chromatographic instruments were used to analyze anion and cation respectively. The CO 2 loading was determined by total organic carbon analyzer (TOC-5000, Shimadzu).
Three kinds of steel were used for corrosion test, carbon steel, 304 (stainless steel), and 316L (stainless steel).
Coupons and coupon holders are shown in Fig.1 . Coupon holders are made of 304 (stainless steel). Coupons are flat rectangular samples, (25×10×2mm 3 and 40×10×2mm 3 for carbon steel and 304 (stainless steel), 25×10×1mm 3 and 40×10×1mm 3 for 316L (stainless steel)). PTFE gaskets were used to avoid electrochemical corrosion between carbon steel and stainless steel. The detailed chemical composition of material is shown in Tab.1.
Fig.1. coupon holders and coupons for corrosion test
Before every experiment, the coupons were firstly polished and grinded with 120-or 150-grit water abrasive paper (this is according to GB/T 2481), then degreased with magnesia and acetone, rinsed with alcohol many times, dried, weighed, measured of surface area. After that, these coupons were carefully stored in a dry bottle and sealed in nitrogen environment, to be further mounted. The corrosion degree was tested by weighting the losses of coupons based on the method regulated by Chinese standard JB/T7901-1999 "Metals materials-Uniform corrosion method of laboratory immersion testing". The corrosion rate (R) can be calculated using the following equation Where M, M l , S, T and D denote weight before reaction (g), weight after reaction (g), sample area (cm 2 ), reaction time (h), sample density (kg/m 3 ), respectively. The SO 2 concentration out of absorber was analyzed by IR SO 2 analyzer ranged from 0 to 20ppm (Model 43C, Thermo). This value was recorded per 12 hours. The Fig.3 shows that the SO 2 concentration out of absorber of two campaigns. With the increasing of SO 2 concentration from campaign2 to campaign3, the outlet SO 2 concentration was dramatically increased. However, the maximum value was very small compared with the inlet SO 2 concentration. It is means that the SO 2 removal efficiency is almost 100 . Therefore, SO 2 was accumulated gradually in new absorbent under this research condition.
Tab.1 Chemical composition of material (mass %)
Results and discussion
Accumulation of SO 2 in solution
Although the O 2 content of two campaigns was about 18 , SO 3 2was still observed, which is shown in Fig.4 and campaign3, respectively. That is to say, with the increasing of SO 2 concentration, the tendency of amine degradation was accelerated. Addition of SO 2 may compete with CO 2 to react with amine, which retarded the inhibited role of CO 2 and caused an increase of amine degradation [10] . The Fig.6 shows the mass percent of total heat stable salts (HSS 
Amine degradation
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degradation. The content of HSS can be used to evaluate the solvent degradation extent and to analyze the degradation mechanism. For campaign1, the New absorbent contained approximately 0.14mass% HSS after operating 500 hours. However, for campaign2 and campaign3, this value was 0.98 mass% for 430 hours and 0.92 mass% for 345 hours, respectively. In campaign1, the HSS was accumulated slowly in solvent with the time elapsed.
However, SO 2 accelerated the process of HSS accumulation that was obtained from campaign2 and campaign3. As the SO 2 concentration increased, the content of the HSS rose too. As shown in Fig.7 , formation rate of HSS has small fluctuate for campaign1, and the whole trend was decreased. But with the increasing of SO 2 concentration from campaign2 to campaign3, the formation rate of HSS enhanced. The thermal and oxidative degradation has a small influence to HSS formation compared to SO 2 .
Corrosion results
Tab. In most industrial processes, corrosion is a serious problem, especially for CO 2 capture from coal-fired power plant flue gas, for amine absorbent is used, and complex flue gas composition, as well as heat stable salts (HSS) that are the products of absorbent degradation [11] [12] [13] [14] . The amine-CO 2 -O 2 -HSS system was used as basis to evaluate the corrosion characteristics of this whole system. The amine-CO 2 -O 2 -SO 2 -HSS system was used to evaluate the influence of SO 2 on corrosion at six typical positions. The Tab.2 shows that corrosion rate of carbon steel for six test positions and operating condition of two test experiments. It has small difference of operating condition for every test position between campaign1 and campaign2. The highest corrosion rate of two tests is all at the point C which is outlet of the heat exchanger (rich liquid side). But the corrosion rate of campaign2 is lower than campaign1 though 200ppm SO 2 was added continuously in campaign2. The possible reason is that the protect film was formed on the surface of test coupons. Under the temperature of point C, a part of CO 2 will be stripped from rich liquid, so there will be gas-liquid two phase flow. And this has ever been detected by glass float flow meter. The corrosion rate can be accelerated by gas-liquid two phase flow [15] . 
Conclusions
A pilot plant for capture CO 2 from coal-fired power plant was bulit in Tsinghua University. The pilot plant adopts amine-based chemical absorption process, including absorption and stripping. The gases out of the absorber and stripper were fed back to the absorber again, as well as the condensate. The whole system, therefore, is closed, which can keep the gas and water balance.
The major work of this paper is to test the corrosion and degradation performance of new absorbent in the pilot plant under the condition of long-term operation. The results indicate that SO 2 was accumulated gradually in new absorbent under the condition of 200ppm and 300ppm SO 2 , and the SO 2 removal efficiency is almost 100 .
Compared with thermal and oxidative degradation, the addition of SO 2 aroused more serious amine degradation.
Meanwhile, the thermal and oxidative degradation has a small influence to HSS formation compared to SO 2 . The highest corrosion rate for carbon steel is at the point C which is outlet of the heat exchanger (rich liquid side).
Addition of SO 2 contributes to the formation of corrosion protect films. It was difficult to form protect film and easily be destroyed at the presence of SO 2 for stainless steel compared with carbon steel.
